1. Background {#sec0005}
=============

Coronavirus disease 2019 (COVID-19) is highly infectious and contagious. The first COVID-19 epidemic occurred in Wuhan, China, in December 2019 \[[@bib0005],[@bib0010]\]. The epidemic was declared to be a public health emergency of international concern by the World Health Organization on January 30, 2020. The clinical manifestations change rapidly, and severe cases can lead to hypoxia, multiple organ dysfunction, and death. However, no reliable indicators are yet available to predict disease severity and progression. The objective of this study is to identify specific serological indicators that can be used for diagnosis and guidance of treatment decisions.

2. Objective {#sec0010}
============

To investigate the ability of IL-6, CRP, and PCT to predict mild and severe cases of COVID-19.

3. Study design {#sec0015}
===============

3.1. Methods and definitions {#sec0020}
----------------------------

The General Hospital of Central Theater Command of People's Liberation Army was designated to treat COVID-19 patients. This single-center, retrospective observational study was approved by the institutional Research Ethics Committee (Process No. 2020-008-1). A total of 141 cases of COVID-19 were confirmed in this hospital between January 18, 2020, and March 12, 2020. All patients were confirmed positively by SARS-CoV-2 nucleic acid RT-PCR (Ct value≤38.0, BGI, Shenzhen, China) using specimens derived from oropharyngeal swabs or sputum, prior to or during the hospitalization. All patients were monitored via the electronic health information system, and clinical data were collected until March 12, 2020, the last follow-up date. Patients with severe disease were categorized based on the seventh edition of the Chinese National Health Commission \[[@bib0015]\] and should meet any of the following criteria: 1) shortness of breath, respiratory rate ≥30 beats per min; 2) oxygen saturation ≤93 % at rest; 3) arterial oxygen partial pressure (PaO~2~)/oxygen concentration (FiO~2~) ≤300 mmHg (1 mmHg = 0.133 K Pa); and 4) lung images showing obvious progress of lesion size \>50 % within 24−48 h. The patients with mild disease should meet the following criteria: 1) mild clinical symptoms or 2) mild or no lesions on imaging findings.

3.2. Data collection {#sec0025}
--------------------

Data on demographic characteristics, underlying comorbidities, symptoms, physical and radiological findings, and laboratory tests were collected from electronic and paper medical records. Hospitalization time, hospital discharge time, and time from disease onset to hospitalization were also recorded. Body temperature was measured using an infrared thermometer, and fever was defined as temperature ≥37.3 °C. Venous blood samples were collected after 12 h fasting in the morning one day after admission and were analyzed within 2 h. All data were checked by two physicians.

3.3. Statistical analysis {#sec0030}
-------------------------

Statistical Package for the Social Sciences software version 25.0 (IBM, Chicago, IL) was used for statistical analysis. Continuous and categorical variables were presented as median (IQR) and n (%), respectively. Mann-Whitney U test, χ² test, or Fisher's exact test was used to compare continuous and categorical variables.

The predictive value of serum IL-6, CRP, and PCT was evaluated by measuring the area under the receiver operating characteristic curve (AUROC). The optimal threshold value was obtained by calculating the Youden index. Kaplan-Meier curves were constructed for analyzing survival data. A multivariate Cox proportional risk model was used to determine predictive factors for disease risk.

4. Results {#sec0035}
==========

4.1. Demographic data and initial clinical signs and symptoms {#sec0040}
-------------------------------------------------------------

A total of 140 patients with COVID-19 were included in this study (one patient was excluded because of massive gastrointestinal hemorrhage). In the study population, 107 patients were assigned to a mild group (MG) and 33 patients were allocated to a severe group (SG). There was no significant difference in the male to female ratio between the two groups. The median age was 65.5 years (range, 23--96). The average age was significantly higher in the SG than in the MG (P \< 0.0001, [Table 1](#tbl0005){ref-type="table"} ). Overall, the most common initial symptoms were fever (64.3 %) and cough (45.0 %), followed by fatigue, muscle soreness, and chest tightness ([Table 1](#tbl0005){ref-type="table"}). Most patients had comorbidities, including hypertension (45 %), heart disease(25 %), diabetes(24.3 %), and respiratory diseases(11.4 %). The number of comorbidities was significantly higher in patients in the SG ([Table 1](#tbl0005){ref-type="table"}). Demographic characteristics are shown in [Table 1](#tbl0005){ref-type="table"}.Table 1Demographic data and initial clinical signs and symptoms in the study cohort.Table 1Total n = 140Mild group n = 107Severe group n = 33X²/Zp-valueAge65.5 (54.3--73.0)62.0 (52.0--69.0)77.0 (65.5--87.5)SexFemale91 (65.0 %)66 (61.7 %)25 (75.8 %)2.1960.138Male49 (35.0 %)41 (38.3 %)8 (24.2 %)Time from onset to hospitalization (days)8.0 (4.0--13.8)8.0 (4.0--14.0)8.0 (3.5--10.5)−0.4970.619Hospitalization time19.0 (13.0--29.0)18.0 (13.0--28.0)21.0 (12.0--30.5)−0.4690.639ComorbiditiesCardiopathy35 (25.0 %)22 (20.6 %)13 (39.4 %)4.7710.029Respiratory disease16 (11.4 %)12 (11.2 %)4 (12.1 %)0.0001.000Hypertension63 (45 %)41 (38.3 %)22 (66.7 %)8.1900.004Diabetes34 (24.3 %)22 (20.6 %)12 (36.4 %)3.4250.064TreatmentsAntiviral drugs131 (93.6 %)99 (92.5 %)32 (97.0 %)0.2550.614Antibiotics128 (91.4 %)95 (88.8 %)33 (100 %)2.7430.098Clinical symptomsFever90 (64.3 %)69 (64.5 %)21 (63.6 %)0.0080.929Cough63 (45.0 %)46 (43.0 %)17 (51.5 %)0.7410.389Diarrhea5 (3.6 %)4 (3.7 %)1 (3.0 %)0.0001.000Fatigue21 (15.0 %)11 (10.3 %)10 (30.3 %)6.4380.011Loss of appetite9 (6.4 %)5 (4.7 %)4 (12.1 %)1.2530.263Myalgia13 (9.3 %)9 (8.4 %)4 (12.1 %)0.0890.765Dyspnea9 (6.4 %)3 (2.8 %)6 (18.2 %)7.5240.006Chest tightness14 (10.0 %)6 (5.6 %)8 (24.2 %)7.7710.005Nausea3 (2.1 %)03 (9.1 %)0.012Dizziness4 (2.9 %)3 (2.8 %)1 (3.0 %)1.000Headache2 (1.4 %)2 (1.9 %)01.000Abdominal pain3 (2.1 %)2 (1.9 %)1 (3.0 %)0.557[^2]

4.2. Serum levels of IL-6, CRP, and PCT varied between mild and severe cases {#sec0045}
----------------------------------------------------------------------------

The levels of IL-6, CRP, and PCT increased in 95 (67.9 %), 91 (65.0 %), and 8 (5.7 %) patients on admission, respectively. The proportion of patients with increased levels of IL-6, CRP, and PCT was significantly higher in the SG (P \< 0.001, p \< 0.001, and p = 0.025 for IL-6, CRP, and PCT, respectively) ([Table 2](#tbl0010){ref-type="table"} and [Fig. 1](#fig0005){ref-type="fig"} ). The AUROC of these parameters ranged between 0.8 and 0.9 (IL-6, 0.808; CRP, 0.858; and PCT, 0.812), indicating a high diagnostic value for clinical severity ([Fig. 2](#fig0010){ref-type="fig"} ). Furthermore, the sensitivity, specificity, and positive and negative predictive values of these inflammatory markers were calculated to obtain the optimal threshold value, which corresponded to 32.1 pg/mL, 41.8 mg/L, and 0.07 ng/mL for IL-6, CRP, and PCT, respectively ([Table 3](#tbl0015){ref-type="table"} ).Table 2Serum levels of IL-6, CRP, and PCT in patients with COVID-2019.Table 2Total n = 140Mild group n = 107Severe group n = 33X²/Z值p-valueIL-6 (pg/mL)\>7.095 (67.9 %)63 (58.9 %)32 (97.0 %)16.778\<0.00010--7.045 (32.1 %)44 (41.1 %)1 (3.0 %)  CRP (mg/L)\>8.091 (65.0 %)60 (56.1 %)31 (93.9 %)15.895\<0.00010--8.049 (35.0 %)47 (43.9 %)2 (6.1 %)  PCT (ng/mL)\>0.58 (5.7 %)3 (2.8 %)5 (15.2 %)5.0300.0250--0.5132 (94.3 %)104 (97.2 %)28 (84.8 %)[^3]Fig. 1Serum levels of IL-6, CRP, and PCT in patients with COVID-2019 \*\*\**P*\<0.0001.Fig. 1Fig. 2Receiver operating characteristic curve of interleukin-6 (IL-6), C-reactive protein (CRP), and procalcitonin (PCT) in patients with COVID-2019 on admission.Fig. 2Table 3Area under the receiver operating characteristic curve and optimal cut-off values of IL-6, CRP, and PCT.Table 3VariablesAssessment of validityAUCOptimal cut-off valueSensitivitySpecificityPredictive valueLikelihood ratioPositiveNegativePositiveNegativeIL-60.80832.1 pg/mL85.19 %66.67 %57.89 %89.21 %2.550.22CRP0.85841.8 mg/L88.89 %72.73 %66.67 %91.35 %3.250.15PCT0.8120.07 ng/mL73.15 %84.85 %49.12 %93.98 %4.820.31[^4]

4.3. Serum levels of IL-6, CRP, and PCT can distinguish between severe and mild cases {#sec0050}
-------------------------------------------------------------------------------------

We hypothesized that patients with higher levels of IL-6, CRP, or PCT were more likely to have severe disease. Patients were reclassified into two groups according to the optimal threshold of these indicators. Kaplan-Meier survival curves showed that patients with IL-6, CRP, or PCT higher than the optimal threshold had a significantly higher probability of developing severe disease (log-rank, P \< 0.0001, [Fig. 3](#fig0015){ref-type="fig"} ).Fig. 3Survival according to the levels of interleukin-6 (IL-6),C-reactive protein (CRP), and procalcitonin (PCT).Fig. 3

The multivariate Cox model showed that IL-6 (P \< 0.001), CRP (P \< 0.001), and PCT (P = 0.002) could be used as independent factors to predict the severity of COVID-19. The patients with IL-6 \> 32.1 pg/mL, CRP \> 41.8 mg/L, or PCT \> 0.07 ng/mL were more likely to have severe complications (HR, 2.375; 95 % CI, 1.058--5.329; P \< 0.001 for IL-6; HR, 4.394; 95 % CI, 1.924--10.033; P \< 0.001 for CRP; HR, 4.908; 95 % CI, 1.797--13.402; P = 0.002 for PCT) ([Table 4](#tbl0020){ref-type="table"} ).Table 4Univariate and multivariate Cox model analysis of IL-6,CRP, and PCT.Table 4VariablesUnivariateMultivariateHR95 % CIP-valueHR95 % CIP-valueIL-63.9181.890--8.119\<0.00012.3751.058--5.329\<0.0001Age1.0561.030--1.083\<0.00011.0421.015--1.0700.002Cardiopathy2.4971.238--5.0370.011------Diabetes1.7520.862--3.5640.122------Hypertension2.2441.085--4.6390.029------Polypnea4.5931.839--11.4740.001------CRP6.5033.008--14.059\<0.00014.3941.924--10.033\<0.0001Age1.0561.030--1.083\<0.00011.0371.010--1.0640.007Hypertension2.2441.085--4.6390.029------Polypnea4.5931.839--11.4740.001------PCT7.3862.833--19.257\<0.00014.9081.797--13.4020.002Age1.0561.030--1.083\<0.00011.0371.012--1.0640.004Cardiopathy2.4971.238--5.0370.011------Diabetes1.7520.862--3.5640.122------Hypertension2.2441.085--4.6390.029------Polypnea4.5931.839--11.4740.001------[^5]

5. Discussion {#sec0055}
=============

The inflammatory response plays a critical role in COVID-19, and inflammatory cytokine storm increases the severity of COVID-19 \[[@bib0020],[@bib0025]\]. Wan et al. \[[@bib0030]\] found that cytokine storm is crucial to the progression of COVID-19 and can lead to severe complications and death. The fifth edition of "Diagnosis and Treatment of COVID-19" \[[@bib0035]\] recommends monitoring the cytokine levels to improve treatment efficacy and reduce mortality. The seventh edition of this guideline \[[@bib0015]\] points out that peripheral blood inflammatory factors such as IL-6 may increase during COVID-19 infection.

The levels of IL-6, CRP, and PCT increased significantly in 67.9 %, 65.0 %, and 5.7 % of patients on admission, respectively. The proportion of patients with increased levels of IL-6, CRP, and PCT was significantly higher in the SG than in the MG, which is consistent with the concept of "cytokine storm" proposed by Professor Li Lanjuan, who demonstrated that inflammatory factors played a crucial role in the progression from mild to severe disease.

Cox proportional hazard model analysis showed that IL-6, CRP, and PCT could be used as independent factors to predict the severity of COVID-19. IL-6 is a multifunctional cytokine that transmits cell signaling and regulates immune cells. This factor has a strong proinflammatory effect with multiple biological functions and plays an important role in inflammation, tumor, and hematological diseases \[[@bib0040],[@bib0045]\]. IL-6 is the primary trigger for cytokine storms. Yang et al. \[[@bib0020]\] pointed out that peripheral blood IL-6 levels could be used as an independent factor to predict the progression of COVID-19, which is consistent with the results of this study; therefore, the role of IL-6 in this disease deserves special attention.

CRP is a non-specific acute-phase protein induced by IL-6 in the liver and a sensitive biomarker of inflammation, infection, and tissue damage \[[@bib0050]\]. CRP expression level is usually low but increases rapidly and significantly during acute inflammatory responses \[[@bib0055],[@bib0060]\]. The elevation of CRP in isolation or in combination with other markers may reveal bacterial or viral infections. Our study explored the relationship between CRP and COVID-19 and found that patients with CRP \> 41.8 mg/L were more likely to develop severe disease.

PCT is a glycoprotein without hormonal activity and the precursor of calcitonin \[[@bib0065],[@bib0070]\]. Serum PCT levels are usually low or undetectable \[[@bib0075]\]. PCT levels are increased by bacterial infections and relatively low with viral infections and, therefore, can be used to distinguish between bacterial and viral infections \[[@bib0080]\]. The higher PCT levels in the SG suggest that severe COVID-19 patients may have concomitant bacterial infections. It should be noted that the optimal cut-off value of PCT was 0.07 ng/mL and did not exceed the normal range (0--0.5 ng/mL), and this result may be due to the small sample size (eight patients). Therefore, the validity of PCT as an independent factor to predict the severity of COVID-19 needs to be further studied using a larger sample size.

This study has limitations. First, the number of cases was small because of the single-center design of the study. Second, clinical data were limited.

In conclusion, the serum levels of IL-6 and CRP have a significant correlation with the severity of COVID-19 and can be used as independent factors to predict disease risk. However, the validity of PCT needs to be further investigated.
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